DISCUSSION ON THE REMOTE RESULTS OF THE
SURGICAL TREATMENT OF GASTRIC AND DUODENAL ULCERS.1
Mr. HERBERT J. PATERSON.
THE remote results of the surgical treatment of gastric and duodenal ulcers may be considered from three points of view: (I) Clinical, or the result of the operation as regards the patient.
(II) Physiological, or the result of the operation as regards the secretions of the stomach and the metabolism of the body.
(III) Pathological, or the influence of operation on the healing of the ulcer, and the complications which may ensue from surgical treatment.
I propose very briefly to consider these points in the light of my own experience of the operation of gastro-jejunostomy, as this operation is, I think, still our sheet-anchor in the treatment of gastric and duodenal ulcers. My experience of partial resection for simple ulcer is limited to five cases, in which I did a resection in the belief that the disease was malignant.
(I) CLINICAL.
The conclusions herein are based on my first 450 cases, all performed over seven years ago. Of these sixteen died as the result of the operation, and four died later, of gastric cancer. In these four cases I was probably mistaken in considering the condition due'to simple ulcer. An analysis of this series gives the following results: Fifty-one of the patients have died of other diseases, having lived more than two years after the operation without any recurrence of their gastric disorder; 270 are alive and cfiite well. The number of those who are dead may seem large, but the series dates from twenty years ago. (One patient, operated on in 1901, is now 81 years of age.) Adding these two classes together gives a percentage of 80 who may be regarded as cured by the operation. In 9 per cent. the result may be classified as fairlv good-that is, the patients have been relieved of their pain, but either suffer from occasional attacks of indigestion or have to exercise care in their diet. In 7 per cent. of the cases the result of the operation may be classified as bad; in four cases a jejunal ulcer occurred, in one there was a recurrence of a duodenal ulcer, and twenty-three cases were complete failures. In some of these cases this result was probably due to leaving in the abdomen a diseased appendix in the days before the role of the appendix in producing gastric symptoms was appreciated.
There is a tendency at the present time to decry the value of gastro-jejunostomy. Considering that 89 per cent. of the patients are relieved, 80 per cent. of them completely, I think one is justified in repeating an opinion expressed ten years ago: The results of gastrojejunostomy performed in suitable cases are as satisfactory as those of any other major operation.
There must, however, be a definite pathological indication. Some at least of the failures are due to disregard of this vital rule. I have undone twenty-three gastro-jejunostomies in which there was no evidence of a gastric or duodenal lesion, the symptoms being due to such various conditions as chronic appendicitis, intestinal stasis, locomotor ataxy, gall-stones and Bright's disease. An operation performed on a clinical diagnosis, unconfirmed by the pathological findings, is a mistake both in diagnosis and in operation,
A study of the physiological effects of gastro-jejunostomy is important as showing us how gastro-jejunostomy acts, and teaching us the proper indications for its use.
There are two striking and constant effects of gastro-jejunostomy on the gastric contents: (1) The diminution of the total acidity; (2) the increase of mineral chlorides. These are shown in the following typical gastric analysis: 
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The diminution of the total acidity is due, partly to the diminution of the total chlorides secreted bythe gastric mucosa, and partly to theneutralization of free hydrochloric acid by the small quantity of bile and pancreatic juice which back-flows into the stomach through the anastomosis. This increase of the mineral chlorides is constant and permanent. It is not the result of increased activity of the gastric mucous membrane, it must,. therefore, be due to chlorides added from without. Therefore the inference is irresistible that the increase is due to the mineral chlorides of the bile and pancreatic juice, which gain entrance into the stomach through the anastomosis.
Further proof of the correctness of this hypothesis is afforded by the effect on the gastric contents of undoing a gastro-jejunostomy. The result has always been the same, an increase in the mineral chlorides after gastro-jejunostomy and a decrease towards the normal after the restoration of the alimentary canal This is shown in the following analyses: 
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If my hypothesis as to the cause of the increase of mineral chlorides be correct, then it is important to compare the effects of the different types of operation on the increase of mineral chlorides, as this gives us an indication of the amount of bile and pancreatic juice which regurgitates into the stomach, The average increase of mineral chlorides after the different types of gastro-jejunostomy is shown in the following 
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The differences are so small as to be negligible. These observations indicate tbat, physiologically, the type of operation performed is unimportant, with the exception that all types of Y-operations and gastro-jejunostomy with entero-anastomosis are unsound. The conclusion to be drawn is that gastro-jejunostomy is not a mechanical but a physiological operation, and its action is to enable nature to counteract hyperacidity, and neutralize the effects of hypersecretion.
As to the effect of gastro-jejunostomy on the metabolism of the human body, I have elsewhere recorded a series of experiments showing that the operation of gastro-jejunostomy does not appreciably diminish the proportion of the nitrogen or fat absorbed from the food. We are therefore justified in concluding that both clinical and chemicopathological evidence demonstrate that the operation of gastro-jejunostomy does not appreciably interfere with the metabolism of the human body, and is compatible with the enjoyment of perfect health.
(III) PATHOLOGICAL.
In five instances I have had an opportunity of examining post mortem the condition of affairs four or five years after an anterior gastro-jejunostomy with a long loop. Those cases show how remarkably Nature adapts herself to altered conditions. At first sight it is somewhat difficult to believe that an anterior operation has been performed, as the anterior surface of the stomach becomes drawn downwards and posteriorly, while the afferent limb appears to become shortened, so that instead of measuring 10 or 12 in. it measures only 4 or 5 in. Further, although the afferent limb at the time of the operation is drawn up round the colon, later it appears to be displaced outwards so that it emerges from under the colon at or near the splenic flexure. Thus Nature appears to protect the afferent loop from the influence of the excursions of the movable part of the transverse colon.
As to the result of gastro-jejunostomy on the healing of the ulcers, I have had an opportanity of investigating this point post mortem on sixteen occasions: in all of them the ulcer, whether gastric or duodenal, had healed.
As regards the anastomotic opening, there is usually some contraction: I have found the opening which was originally made 2i to 2i in.
long has diminished to 1U to 2 in. in length.
JEJUNAL ULCER.
Jejunal ulcer is perhaps the most serious after-complication of gastro-jejunostomy. The term " jejunal ulcer" has been applied somewhat loosely to ulcers round the anastomotic opening, and ulcers situated in the jejunum. A clear distinction should be made between ulcers in these two situations. For those situated round the anastomosis I have suggested the description "gastro-jejunal ulcers." The proportion of cases in which gastro-jejunostomy is followed by jejunal or gastro-jejunal ulcer is difficult to estimate with accuracy. I have had four cases of my own, and have operated on six other cases and have seen several others in consultation. From the records available I think we are justified in assuming that the proportion is between 1 and 2 per cent.
The appearance of a jejunal ulcer resembles that of a gastric ulcer so closely that no description is necessary. The important point to discuss is the aetiology There are strong grounds for believing that jejunal ulcer is the result of the toxic action of free hydrochloric acid on the jejunal mucous membrane. The hydrochloric acid so injures or kills the cells of the jejunal mucous membrane that they are readily digested by the intestinal juice. There are two very suggestive circumstances with regard to jejunal ulcer:
(1) Jejunal ulcer is usually (in my own limited experience invariably) associated with hyperacidity of the gastric contents. A jejunal ulcer, which perforated the anterior abdominal wall five years after anterior gastro-jejunostomy. Symnptoms of indigestion began three years after the gastro-jejunostomy. The portion of jejunum affected (about 6 in.) was resected. The patient lived eleven years after the second operation without further gastric symptoms.
(2) In the majority of instances the ulcer is-situated either opposite the anastomosis or just bel'ow it in the efferent limb-that is, just where -the acidity or'the gastric contents when they reach the jejunum is greatest.
Those facts are very significant. Usually after gastro-jejunostomy, the small amount of bile and pancreatic juice which back-flows into the stomach, is sufficient to neutralize or reduce to normal the free hydrochloric acid present in the gastric contents. If, however, the amount of free hydrochloric acid in the gastric contents be excessive, then the bile and pancreatic juice may not neutralize the free hydrochloric acid sufficiently to prevent its toxic action on the jejunal mucosa when it comes in contact with it. Thus, we get a jejunal ulcer usually in the situation to be expected if this hypothesis be true-i.e., either opposite or just below the anastomosis. Some years ago I had an opportunity of making some observations on one of my patients in whom a jejunal ulcer perforated through the abdominal wall. Investigations of the gastric contents showed the presence of '0s72 per cent. of free hydrochloric acid, as seen in the following analysis GASTRIC ANALYSIS (JEJUNAL ULCER). 
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FIG. 2.
A portion of jejunum showing a deep punched-out jejunal ulcer, which was resected seven years after post-gastro-jejunostomy. The patient had had sym. ptoms on and off for about two years. The ulcer was situated immediately opposite the anastomosis. The walls of the jejunum are greatly thickened.
We would expect that such a high degree of acidity would not be neutralized by the bile and pancreatic juice. This proved to be the case as shown by an analysis of the fluid escaping from the fistula which contained 0044 per cent. of free hydrochloric acid. FLUID 
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With this strength of hydrochloric acid the bile and pancreatic juice were able to deal, so that the fluid flowing from the fistula contained only O004 per cent. of free hydrochloric acid. FLUID From observations I have made we may, I think, draw three inferences:
(1) That the presence of an ulcer in the jejunum is usually correlated with the presence of free hydrochloric acid in the jejunal contents.
(2) That as a high percentage of free hydrochloric acid 'in the gastric contents diminishes rapidly on a milk diet, the excess of free hydrochloric acid is due probably to errors in diet.
(3) That the bile and pancreatic juices in the jejunum usually neutralize the free hydrochloric acid which passes through the anastomosis. When, however, free hydrochloric acid reaches the jejunum in great excess, the alkaline juices are insufficient to neutralize all the free hydrochloric acid present. It may be objected that in some of the recorded cases gastric acidity is stated to have been normal. There is no difficulty in explaining such cases, even if the statement be accurate. Although the acidity of the gastric juice may be normal, the amount secreted may be abnormal, in other words, hypersecretion may exist without hyperacidity. If there be hypersecretion, although the percentage of free hydrochloric acid in the gastric juice be normal, the quantity entering the jejunum may be so great that it is not completely neutralized by the bile and pancreatic. juice. In other words, the prolonged or continuous action of a weak solution of hydrochloric acid may have the same effect as the intermittent action of a strong solution.
Jejunal ulcer is sometimes attributed to damage to the intestine caused by the use of clamps. There are two objections to this hypothesis
(1) The interval between operation and the onset of symptoms of jejunal ulcer. In my own cases the interval varied between two and five years.
(2) The ulcer usually occurs in a situation not gripped by the clamps.
In a few cases jejunal ulcers are probably of infective origin. Such cases present the following features: (a) The ulcer occurs within a very short period after gastro-jejunostomy; (b) Usually the ulcers are multiple. Probably those ulcers recorded as having occurred in the afferent limb of the jejunum belong to this group. The conditions under which jejunal ulcers may arise may be summed up as follows:
(1) Hyperacidity of the gastric contents, so that the bile and pancreatic juice are unable to neutralize completely all the acid entering the jejunum.
(2) Normal percentage of hydrochloric acid in the gastric juice but excessive secretion, so that the amount of hydrochloric acid discharged into the jejunum is greater than can be neutralized, and there is a continuous action on the jejunal mucosa of a weak solution of hydrochloric acid.
(3) Diversion of the course of the bile and pancreatic juice so that part of the jejunum is exposed to the action of the gastric contents unmixed with bile and pancreatic juice, as after operations of the "Y-type," and gastro-jejunostomy with entero-anastomosis.
(4) Normal acidity and amount of gastric secretion, but incomplete neutralization in the jejunum owing to temporary diminution of the flow of bile and of the secretion of pancreatic juice.
Dr. Charles Bolton has made a series of most instructive and valuable experiments on the artificial production of gastric ulcers, and his observations appear to me to support the above views as to the astiology of jejunal ulcer. Dr. Bolton found that feeding guinea-pigs on a solution of hydrochloric acid up to 07 per cent. produced no effect whatever, but a solution above that strength produced gastric lesions identical in character with those produced by a gastro-toxic serum. He concludes that the gastric juice is not only concerned in the initiation of a gastric ulcer, but also in its tendency to spread and to become chronic; and that the gastric juice owes its destructive power primarily to the hydrochloric acid contained in it, and the damage done to the wall of the stomach varies in proportion to the strength of the acid present.
I think we may argue fairly that these conclusions as to the action of hydrochloric acid on the gastric mucous membrane may be applied with even greater force to the action of hydrochloric acid on the jejunal mucous membrane which under normal conditions is unused to the presence of acid gastric contents.
With regard to gastro-jejunal ulcer, much of what has been said applies also to this variety of ulcer. Hyperacidity is the important factor in both, but there is this difference: jejunal ulcers are a result of altered physiological conditions produced by operation; gastro-jejunal ulcers are probably a direct consequence of operation.
Whether or not primary union takes place between mucous membranes of the stomach and jejunum is a disputed point. But this is certain: if the mucous membrane be roughly handled or injured, or unduly constricted by too tight a suture, or if coaptation of the gastric and jejunal mucous membranes be imperfect, ulceration will follow at the line of suture. If hyperacidity or hypersecretion exist then the ulcer instead of healing, may persist or spread, and eventually give rise to symptoms, and may lead, to grea1 constriction or even closure of the anastomotic opening.
The view that the use of a non-absorbable suture is a cause of gastro-jejunal ulcer, I regard as non-proven. It is true I have seen the end of the thread hanging through the anastomosis at a subsequent operation on more than one occasion, but there was no ulceration; but in the cases I have examined post mortem, the thread had often become encapsuled, and there was direct continuity between the gastric and jejunal mucous membranes. If these views be correct, the practical point which arises ig this: What are the causes of hyperacidity after gastro-jejunostomy? We must draw a clear distinction between two classes of cases:
(1) Cases in which hyperacidity is present before, and persists after, operation.
(2) Cases in which, after a period of normal or subnormal acidity following operation, the gastric contents subsequently become hyperacid.
(1) Hyperacidity persists after gastro-jejunostomy for one or two reasons: (a) Extreme hyperacidity before operation, so that the bile and pancreatic juices are unable to reduce the acidity of the gastric contents to normal, unless the patient is kept on a milk diet for some months. (b) A too small or inefficient opening. If the opening be too small hXpersecretion may persist. Likewise any kink or twist at the site of the anastomosis will prolong the contact of the gastric contents with the jejunal mucosa.
(2) Hyperacidity of the gastric contents succeeding a period of normal or subnormal acidity is due probably to one of two causes: too small an opening, or indiscretions in diet. In some cases both these factors may be present.
It is sometimes forgotten that operation is only an incident in the treatment of gastric and duodenal ulcer, and too much emphasis cannot be laid on the importance of a carefully regulated diet after. operation. I believe that in most cases-certainly in all of my ownindiscretions in diet play the chief part in, causing post-operative hyperacidity, and so predispose to the occurrence of gastro-jejunal and jejunal ulcers.
In conclusion, let me recapitulate briefly what appear to me to be the practical conclusions at which we may arrive:
(1) Gastro-jejunostomy is not an obsolete operation. When performed with proper indication the results are as satisfactory as those of any other major operation in surgery. The failures are not more than 7 per cent.
2) Gastro-jejunostomy is a physiological operation, and it is as .151 efficient a treatment for ulcers of the body of the stomach as for ulcers near the pylorus.
(3) Operations of the " Y-type," or gastro-jejunostomy with enteroanastomosis, are wrong in principle, and unsatisfactory in practice, as they permit of the direct contact of the acid gastric juice with the jejunal mucous membrane, before it has been mixed with the alkaline bile and pancreatic juices.
(4) With the above exception the type of gastro-jejunostomy performed is of less importance than the manner in which it is performed.
(5) Gastro-jejunostomy has no appreciable effect on the metabolism of the human body.
(6) There is good pathological evidence that ulcers heal as the result of gastro-jejunostomy.
(7) The risk of jejunal ulcer following gastro-jejunostomy is probably under 2 per cent.
(8) Clinically there are two groups of cases: (a) Those in which perforation into the general peritoneal cavity occurs; (b) those in which general peritonitis is prevented by the formation of adhesions.
(9) Pathologically, the cases may be classified as follows : (a) jejunal ulcers; (b) gastro-jejunal ulcers or ulcers at the site of the anastomosis.
(10) Occasionally jejunal ulcers are of infective origin. In these cases ulceration commences within a short period after gastrojejunostomy, and usually the ulcers are multiple.
(11) In the great majority of cases a jejunal ulcer is single, and is probably the result of the toxic action of hydrochloric acid, which injures the cells of the mucous membrane so that they are readily digested by the intestinal juice.
(12) Gastro-jejunal ulcers are a direct consequence of the wound made in affecting the anastomosis, and their persistence is probably the result of hyperacidity of the gastric juice.
(13) Every case of recrudescent pain of a constant character after gastro-jejunostomy, especially when associated with hypersecretion, should be regarded as a case of potential ulcer and treated accordingly.
(14) Gastro-jejunostomy is but an incident in the treatment of gastric and duodenal ulcers. A prolonged period of restricted diet is imperative, especially in cases in which there is hyperacidity before operation. In all cases of hyperacidity increase in diet should be controlled by gastric analysis at regular intervals.
